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BACKGROUND 


The  first  effort  to  perform  a  detailed  quantitative  underwater 
inspection  of  fleet  moorings  was  made  by  the  Underwater  Construction 
Team  Two  (  UCT  TWO)  assisting  the  Civil  Engineering  Laboratory  (CEL) 
at  Apra  Harbor,  Guam,  in  January  of  1977  (reference  (1)).  Inspection 
procedures  and  forms  were  developed  to  enable  UCT  TWO  divers  to  perform 
the  hardware  inspection  and  record  the  data.  Interpretation  of  the  data 
and  reporting  were  done  by  CEL.  The  inspection  was  successful,  however, 
further  refinement  of  the  procedures,  tools,  and  documentation  was  deemed 
necessary.  When  UCT  TWO  was  requested  to  conduct  mooring  inspections  in 
San  Diego,  UCT  TWO  approached  CEL  to  provide  assistance  and  to  wrUe  the 
inspection  report.  The  inspection  procedures,  results,  and  analysis  of 
the  data  for  the  San  Diego  fleet  moorings  are  documented  in  reference 
(2).  This  work  was  funded  by  San  Diego  Public  Works  Center. 

Recently  the  Ocean  Engineering  and  Construction  Office  (FPO-1)  of 
Chesapeake  Division,  Naval  Facilities  Engineering  Command  was  given  the 
lead  to  establish  uniform  procedures,  criteria,  and  type  specifications 
for  mooring  inspection  and  condition  assessment.  As  a  part  of  this 
work  the  Fleet  Mooring  Maintenance  Manual,  MO-124  will  be  updated. 


OBJECTIVE  AND  SCOPE 

CEL  received  requests  from  various  Engineering  Field  Divisions 
(EFD's),  Public  Work  Centers  (PWC's)  and  the  UCT's  for  guidance  in 
underwater  inspection  of  moorings.  This  report  was  prepared  in  response 
to  those  requests.  This  report  provides  the  procedures,  equipment, 
and  the  data  recording  format  used  to  conduct  underwater  inspections  of 
fleet  moorings.  These  guidelines  are  of  an  interim  nature  and  will 
be  superceded  by  the  revised  MO-124.  These  guidelines  are  applicable 
to  the  inspecting  divers  at  each  station,  whether  they  be  Underwater 
Construction  Team  (UCT),  Public  Works  Center  (PWC),  or  contracted  divers. 

Normally  the  divers  making  the  inspection  will  only  report  the 
physical  condition  of  the  mooring  based  on  the  guidelines  given.  In 
addition  to  the  checks  to  be  made  as  listed  in  this  report,  the  customer 
may  require  additional  information  to  assess  the  mooring's  condition. 

The  role  of  the  diver  in  underwater  inspections  is  1)  to  acquire  the 
data  on  the  condition  of  the  mooring  or  underwater  structure  and  2)  to 
record  and  compile  the  data  for  delivery  to  the  customer.  The  diver 
should  not  be  expected  to  make  assessments  of  the  structural  integrity 
or  safety  of  the  mooring.  These  must  be  carried  out  by  the  engineer  who 
analyzes  the  inspection  data.  It  is  strongly  recommended  that  the  cus¬ 
tomer  have  this  engineer  on  site  during  the  inspections.  In  this  way 
the  engineer  can  recognise  the  need  for  and  request  additional  data 
when  necessary. 


UNDERWATER  INSPECTION 


General  Procedure 

The  inspections  performed  by  the  UCT's  are  a  quick,  economical  means 
of  establishing  the  general  condition  of  moorings.  This  information  is 
suitable  for  decisions  of  maintenance  (defer  or  expedite  scheduled 
overhauls)  and  classification  (downgrading  rated  capacity  of  a  mooring). 

A  more  detailed  inspection  should  be  performed  upon  recovery  of  the  mooring 
to  establish  the  specific  overhaul  maintenance  required. 

Refore  an  underwater  inspection  can  begin,  drawings  or  parts  list  of 
each  mooring  are  required  to  perform  the  inspections  expeditiously. 

These  documents  should  be  updated  by  the  responsible  PWC,  EFD,  or  activity 
with  each  overhaul  to  ensure  they  reflect  the  current  mooring  design. 

If  these  documents  are  available  and  up  to  date,  t.he  divers  can  make 
simple,  fast  "go  no-go"  measurements  to  establish  mooring  condition.  If 
they  are  not  available,  the  divers  must  spend  their  time  making  actual 
physical  measurements  of  the  components  to  establish  "as  built"  drawings 
and  parts  lists.  Due  to  restrictions  on  bottom  time,  this  is  a  lengthy 
and  expensive  procedure. 

A  selective  sampling  approach  is  taken  to  the  underwater  mooring 
inspection.  Areas  which  are  known  to  corrode  or  wear  rapidly  are  checked. 
Comparing  the  drawings  and  parts  list  to  design  requirements  and  mooring 
classif ication  pinpoints  other  areas  of  concern. 

The  inspection  consists  of  measuring  the  chain  and  connecting  hardware 
to  determine  the  amount  of  corrosion  and  wear.  Chain  which  is  less  than 
q0T  of  original  diameter  should  be  downgraded  in  classification;  chain 
which  is  less  than  SOT,  of  original  should  be  excessed.  Single  link 
measurements  on  the  wire  diameter  of  a  single  A- link  detect  corrosion 
loss;  double  link  measurements  made  where  two  A-links  contact  detect 
wear.  Single  link  measurements  are  made  on  three  different  diameters  on 
the  same  approximate  cross-section.  The  double  link  measurements  are 
made  on  three  adjoining  links  (Figure  1).  Each  riser-type  mooring  is 
inspected  by  making  the  following  caliper  measurements:  (1)  single 
and  double  link  measurements  on  the  riser  just  under  the  buoy,  halfway 
to  the  ground  ring,  and  just  above  the  ground  ring;  (2)  single  link 
measurements  on  the  ground  ring;  (3)  single  and  double  link  measurements 
on  each  ground  leg  just  below  the  ground  ring  and  at  the  wearpoint  (where 
the  chain  is  picked  up  and  set  down  on  the  bottom  by  tides  and  waves). 
Anchor  joining  links  connecting  the  ground  legs  to  the  ground  ring  should 
be  visually  checked  but  not  measured.  In  addition,  an  underwater  voltmeter 
should  be  used  to  obtain  corrosion  potentials  at  each  inspection  point. 

This  is  mandatory  if  the  mooring  is  cathodically  protected,  optional  if 
it  is  not.  The  anodes  on  cathodically  protected  moorings  should  also  be 
inspected.  Any  dull  powder  on  the  anodes  should  be  removed.  Measurements 
or  estimates  of  the  amount  of  anode  remaining  should  be  made.  Measure 
the  corrosion  potential  of  the  anode. 

Telephone-type  moorings  should  be  given  single  link,  double  link  and 
potential  measurements  on  each  leg  at  the  wearpoint,  midpoint,  and  just 
below  the  buoy. 


The  general  orientation  of  each  leg  can  be  obtained  by  finding  the 
angle  between  a  landmark  and  the  diver's  bubbles  or  a  marker  float  at 
the  end  of  each  ground  leg  with  a  horizontal  sextant.  Alternatively  a 
hand-bearing  compass  or  pelorus  may  oe  used  by  sighting  over  the  buoy 
from  the  marker  float  or  bubbles.  Using  the  compass  on  the  buoy  is  not 
advisable  as  considerable  compass  deviation  may  be  induced.  The  buoy 
position,  as  shown  on  the  charts,  should  be  checked  to  detect  dragging. 
This  may  be  done  from  the  buoy  by  using  sextant  sights  or  compass  bearings 
of  landmarks  or  a  precision  positioning  system  such  as  the  Mini-Ranger. 

The  buoy  position  may  also  be  fixed  from  shore  using  transits  or  compass 
bearings  from  charted  benchmarks. 

The  anchors  usually  cannot  be  inspected  as  they  are  buried  beneath 
the  seafloor.  The  divers  should  swim  out  the  ground  leg  until  it  becomes 
buried  in  the  seafloor.  The  sketches  given  for  each  mooring  in  the  data 
sheets  therefore  do  not  give  actual  lengths  of  the  ground  legs  or  bearings 
to  anchors  but  depend  upon  the  tautness  of  the  ground  leg  for  the 
overall  accuracy  of  the  bearings.  These  sketches  should  be  taken  only 
as  a  general  indication  of  the  mooring  layout. 

The  buoy  is  inspected  by  noting  fender  condition,  fouling,  wear  and 
corrosion  on  connecting  links,  need  for  cleaning  and  recoating,  and 
collision  damage.  Valves  and  junction  boxes  on  telephone-type  buoys 
should  be  checked.  Some  of  the  riser  type  buoys  have  hawse  pipes.  One 
particular  area  to  check  on  this  type  buoy  is  that  portion  of  the  riser 
chain  in  the  hawse  pipe.  This  can  be  done  by  using  a  crane  to  lift  up 
on  the  riser  and  connecting  links  on  top  of  the  buoy.  The  condition  of 
the  rubbing  casting  at  the  bottom  of  the  hawse  chain  should  be  noted  and 
single  and  double  link  measurements  should  be  made  on  the  hawse  chain. 

Inspections  can  be  carried  out  with  SCUBA  or  surface-suppl ied  gear. 

At  San  Diego  both  MK 1  (bandmask)  and  SCUBA  were  tried;  SCUBA  went  faster. 
One  diver  carried  a  chipping  hammer  and  the  calipers;  the  second  diver 
carried  the  voltmeter  and  the  inspection  form  taped  to  a  slate.  Diver  1 
would  clear  growth  and  corroded  materials,  make  caliper  measurements  and 
signal  results  to  diver  2.  Diver  2  would  record  results  on  the  inspection 
form  (printed  on  waterproof  paper)  and  then  take  voltmeter  readings.  In 
this  manner  a  3-leg  riser  type  mooring  in  about  40-60'  of  water  could  be 
inspected  in  40  to  60  minutes. 

If  visibility  becomes  very  poor  MK 1  is  probably  the  best  way  to  do 
inspections.  The  diver  would  then  call  his  results  to  the  surface  where 
they  would  be  recorded.  With  low  visibility  it  may  be  necessary  to  have 
the  diver  tie  off  each  leg  with  a  small  piece  of  line  as  it  is  inspected, 
this  will  provide  a  tactile  marking  of  which  legs  have  already  been 
inspected. 

For  moorings  in  depths  beyond  practical  working  dive  range,  typically 
120  feet,  a  crane  barge  may  be  used  to  lift  the  mooring  so  divers  can 
check  the  ground  ring  and  upper  sections  of  ground  legs.  This  was  done 
during  the  Apra  Harbor  inspection  and  allowed  the  PWC  riggers  to  perform 
buoy  maintenance  while  the  mooring  was  inspected  (reference  (1)).  A 
crane  barge  will  also  be  necessary  if  the  ground  ring  is  buried  in  the 


seafloor.  The  crane  (or  winch)  must  lift  the  ground  ring  free  of  the 
bottom  to  allow  divers  to  inspect  the  ring  and  the  attached  ground  legs. 
This  is  necessary  as  these  components  are  those  most  subject  to  wear. 
Properly  designed  moorings  will  always  have  the  ground  ring  off 
the  seafloor. 

If  the  riser  is  raised  it  must  be  securely  tied  off  to  a  strong 
point  on  the  barge,  before  inspected  by  divers.  Do  not  depend  on  a 
crane  or  winch  to  hold  the  load. 

Equi pment 

Tables  1  and  2  give  the  80  and  90  percent  measurements  for  mooring 
components  for  each  type  of  mooring  class.  These  tables  are  based  on 
the  standard  moorings  listed  in  DM-26,  reference  3,  (Figures  2  and  3). 

The  tables  can  be  used  to  preset  calipers  for  the  various  items  to  be 
inspected.  For  example,  a  class  BB  riser  type  mooring  will  require 
calipers  set  to  3.15"  (90%)  and  2.80"  (80%)  for  single  link  measurements 
on  the  riser;  6.30"  (90%)  and  5.60"  (80%)  for  double  link  on  the  riser; 
2.25"  and  2.00"  for  single  link  on  the  ground  legs;  4.50"  and  4.00"  for 
double  link  on  the  ground  legs;  and  for  the  ground  ring  5.85"  and  5.20". 

When  adjustable  calipers  were  used  at  San  Diego,  they  were  preset 
with  a  vernier  caliper  then  taped  to  prevent  movement  of  the  adjusting 
screw.  The  preferred  measurement  device  is  the  back-to-back  80  and  90 
percent  gage  configuration  (Figure  4.)  These  gages  eliminate  the  need 
for  setting  calipers  before  diving  and  checking  and  resetting  them  between 
dives.  Chances  of  knocking  the  adjustment  off  the  setting  are  eliminated, 
and  the  number  of  calipers  to  carry  is  reduced  by  half. 

To  insure  the  diver  could  distinguish  each  cal iper, visual  and  tactile 
markings  were  placed  on  each  caliper  to  indicate  what  part  it  was  to 
measure.  Tape  was  wrapped  around  the  calipers  to  provide  the  necessary 
markings  (Figure  5).  The  same  coding  was  used  on  the  single  and  double 
link  calipers  as  they  are  easy  to  distinguish  by  their  settings. 

The  back-to-back  gages  are  easier  to  identify  due  to  their  shape. 

Only  the  position  marking  (riser,  ground  ring,  ground  chain)  need  be 
applied. 

Documentation 

The  inspection  form  developed  for  earlier  mooring  inspections  was 
modified  to  concentrate  the  data  on  one  sheet  (Figure  6).  The  forms  were 
reproduced  on  a  waterproof  writing  paper  which  allowed  data  to  be  recorded 
on  the  surface  or  underwater.  The  form  has  space  for  a  riser  type  or 
telephone  type  mooring  with  four  legs.  The  higher  class  moorings  require 
two  sheets.  The  waterproof  writing  paper  used  by  the  UCT's  is  called 
Underwater  Ascot  31073  and  is  available  from  Appleton  Papers,  Inc., 
Appleton,  Wisconsin  54911,  Telephone  (414)  734-9841. 
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An  example  of  the  required  pre- inspect  ion  information  is  given  in 
Figure  7.  This  type  of  information  may  also  be  taken  from  drawings  of 
the  mooring.  In  addition  to  this  information  a  chart  should  be  provided 
giving  the  present  locations  of  the  moorings.  The  information  provided 
by  the  parts  list  allows  the  inspector  to  select  the  appropriate  caliper 
sizes  before  the  dive. 

An  example  of  a  completed  inspection  sheet  is  shown  in  Figure  8. 

Note  that  a  check  is  made  for  each  of  the  three  (3)  single  link  and  double 
link  checks  made  at  each  location  even  if  they  are  all  the  same.  Double 
link  measurements  were  not  made  at  the  wearpoint  as  this  chain  was  on  the 
bottom  and  could  be  slack.  Measuring  double  link  thickness  of  slack 
chain  would  not  give  a  reliable  measurement.  Also  note  that  NI  (not 
inspected)  is  placed  after  the  anchor  size  and  type.  The  anchors  were 
buried  so  no  check  could  be  made. 

To  number  the  legs  of  the  mooring  the  following  convention  should 

be  used.  Label  the  legs  1,  2,  3,  .  consecutively  starting  at  true 

north  and  working  clockwise  (from  0°  to  360°).  The  surface  tenders 
will  have  to  keep  track  of  the  order  in  which  the  diving  team  is  doing 
the  inspection  and  label  the  ground  legs  on  the  divers  data  sheet  appro¬ 
priately  when  they  surface. 

Figure  9  is  a  sketch  of  the  mooring  layout  made  from  the  sextant 
sights  taken  on  the  marker  buoys  attached  to  the  ground  legs.  When  the 
current  is  slack  sights  can  be  made  on  the  diver's  bubbles. 

The  parts  lists,  inspection  sheets,  and  mooring  layouts  should  be 
compiled  with  any  other  pertinent  information  and  delivered  to  the  engineer 
PWC,  or  other  cognizant  activity  for  analysis.  CHESNAVFACENGCOM  FPO-1 
is  to  receive  a  copy  of  each  underwater  inspection  report.  In  the  analysis 
the  downgrading  of  mooring  classifications,  or  minor  and  major  overhauls 
are  recommended.  Once  again  such  assessments  are  made  only  by  the  engineer 
and  should  not  be  expected  from  the  diving  inspectors. 


RECOMMENDATIONS  AND  CONCLUSIONS 

The  procedures  and  documentation  given  are  provided  to  insure  that 
the  Navy's  Fleet  moorings  receive  an  inspection  suitable  for  making 
maintenance  decisions.  These  guidelines  are  provided  for  use  until  the 
Fleet  Mooring  Maintenance  Manual,  MO-124  can  be  revised.  Universal  use 
of  these  inspection  guidelines  in  the  interim  will  promote  the  ease  of 
data  handling  and  retrieval.  It  is  understood  modifications  to  these 
procedures  will  be  necessary  in  time  and  for  unusual  mooring  configura¬ 
tions.  To  keep  the  documentation  standardized  suggested  changes  should 
be  forwarded  to  the  Naval  Facilities  Engineering  Command,  Code  1002  or 
to  CHESNAVFACENGCOM  FPO-1  for  consideration. 
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Table  2.  Caliper  Settings  for  C 


Table  2.  Caliper  Settings  for  Components  of  Telephone-Type  Moorings  (Double  Values  for 
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Figure  6.  Underwater  inspection  reporting  form. 


R 1  SLR  i'YPE  -  CLASS  "D" 

3  IEGS  MATERIAL  COST 

$32,700 

I  EG  "B"  DETAILS 


L t  G  "A"  DETAILS 

3"  Bonding  Shackle 
2V  NACO  A.  J.  Link 
2\"  Pear  Link 
2V1  Detachable  Link 
90'  -2"  C.  S.  Chain 

2V  Detachable  Link 
90'  --2'  C.  S.  Chain 
2V‘  Detachable  Link 
2V  Pear  Link 
3"  Bending  Shackle 
13,000#  IMP.  Stockless  Anchor 

LEG  " C"  DETAILS 

3"  Bending  Shackle 

2h"  NACO  A.  J.  Link 

2V  Pear  Link 

2\"  Detachable  Link 

76'  --  2"  C.  S.  Chain 

2"  Detachable  Link 

2'i "  Pear  Link 

2k"  Bending  Shackle 

13,000#  IMP.  Stockless  Anchor 

HIS  TORY:  3/15/65 
11/13/60 
2/12/64 
11/3/66 
4/3/74 


3"  Bending  Shackle 

2k"  Pear  Link 

2V  Detachable  Link 

90'  --2"  C.  S.  Chain 

?V  Detachable  Link 

89'  --2'  C.  S.  Chain 

2V  Detachable  Link 

2k"  Pear  Link 

2k"  NACO  A.  J.  Link 

13,000#  IMP.  Stockless  Anchor 


RISER  CHAIN  DETAILS 

Drum  Buoy  (Small)  W/Tension  Bar 

2k"  NACO  A.  J.  Link 

27'  -~2k"  C.S.  Riser  Chain 

2k"  Detachable  Link 

2k"  E.  Z.  Link 

2  9/16"  Pear  Link 

3"  Bending  Shackle 

4  3/4"  x  18"  I.D.  Ground  Ring 


New  Installation 
Reconditioned  and  Relaid 
Reconditioned  and  Relaid 
Reconditioned  and  Relaid 
Reconditioned  and  Relaid 


Figure  7.  Parts  list  of  a  fleet  mooring. 


Figure  9.  Sketch  of  mooring  layout. 
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PM TC  Cixle  Mil  (S  ( )patow sk\  i  Point  Mugu.  CA;  POD  Mobile  Unit,  Point  Mugu.  CA;  Pat  Counsel,  Point  Mugu  C'A 
PWCCO  Norfolk,  V.A.  CO.  Great  Lakes  II  .  CO.  Oakland  CA;  Code  120.  Oakland  CA;  l  ode  1 20C  (Library)  San 
Diego.  CA.  C  .nle  1 28.  Guam.  Code  200.  Great  1  .ikes  IL;  Code  200.  Guam;  Code  220  Oakland.  CA;  Crxle  220  1 . 
Norfolk  V.A.  Crxle  KH  Squier.  San  Diego,  CA,  Crxle  40  (C  Koltom  Pensacola.  PL.  Crxle  4(8).  Pearl  Harbor.  HI; 
Code  4(81,  San  Diego.  CA.  Crxle  'O' A  (H.  Wheeler);  Crxle  hlO,  San  Diego  Ca;  Crxle  7(8).  San  Diego,  CA.  Library. 
Subir  Bus.  R  P  Oil  CBU-403,  San  Diego  CA,  Utilities  Officer.  Guam.  XO  Oakland.  CA 
UC1  TWOOIC.  Norfolk.  VA.  CMC.  Port  Hueneme  CA 

US  MPRCHAN 1  MARINP  ACADPMY  Kings  Point.  NY  I  Reprint  Custodian) 

US  DP  PI  OP  IN  I  PRIOR  Bureau  of  Land  MNGMNL  -  Crxle  733  I  IP  Sullivan)  Wash.  IX 
US  GPOl OG1CAI  SURVEY  Off  Marine  Geology.  Pueleki.  Reston  V.A 
US  NAVAL  PORCPS  Korea  (ENJ  P&O) 

US(  G  lli-PCVi  Washington  IX  (G-PCV/hl  1 1  Burkhart  I  Washington.  IX'.  G-POP  4/hl  (T.  Dowd).  Washington  IX' 
USCG  RAD  (  I  N  I  P  R  CO  Groton.  CT;  D  Motherway.  Groton  CL;  Lech.  Dir  Groton.  CT 
USDA  Purest  Prixlucts  Lab  (R  DeGroot).  Madison  Wl;  Forest  Service.  San  Dimas,  CA 

liSN  A ( Vean  Svs.  Ping  IXpt  (1>  Monney)  Annapolis.  MD;  (Xeanography  IX’pt  (Hoffman)  Annapolis  MD;  PWD 
pngr  I>v  |C  Bradford)  Annapolis  MD;  PWO  Annapolis  MD 
CALIF  DFPTOF  NAVIGATION  A  OCEAN  DEV.  Sacramento.  C A  (G.  Armstrong) 

CALIF  MARITIME  ACADEMY  Valleio.  CA  (Library) 

CALIFORNIA  INSTITUTE  OF  TECH NOUXJY  Pasadena  CA  (Keck  Ref  Rm) 

CALIFORNIA  STATE  UNIVERSITY  LONG  BEACH.  CA  (CHELAPATI);  LONG  BEACH.  CA  (YEN) 

CATHOLIC  UNIV  Mech  Pngr  IX-pt.  Prof  N(ed/wecki.  Wash.,  DC 
COLORADO  STATE  UNIV  .  FOOTHILL  CAMPUS  Fort  Collins  (Nelson) 

DAMES  A  MOORE  LIBRARY  LOS  ANGELES.  CA 

DUKE  UNIV  MEDICAL  CEN  LER  B  Muga.  Durham  NC;  DURHAM.  NC  (VES1C) 

FLORIDA  ALLAN  TIC  UNIVERSITY  BIX'A  RATON,  FL  (MC  ALLISTER);  Boca  Raton  FI.  (Ocean  Engr  Dept..  I 
Lin) 

FLORIDA  ATLANTIC  UNIVERSITY  Boca  Raton  FL  (W  Tessin) 

FLORIDA  TECH  NOLOGIC  Al.  UNIVERSITY  ORLANDO.  FL  (HARTMAN) 

INSTITUTE:  OF  MARINE  SCIENCES  Morehead  City  NC  (Director) 

IOWA  STATE  UNIVERSITY  Ames  IA  (CE  Dept.  Handy) 

LEHIGH  UNIVERSITY  BETHLEHEM.  PA  (MARINE  GEOTECHNICAL  LAB  .  RICHARDS):  Bethlehem  PA 
ll.inderman  Lib.  No. 30.  Flecksteiner) 

LIBRARY  OF  CONGRESS  WASHINGTON.  IX'  (SCIENCES  &  TECH  DIV) 

MAINE  MARITIME  ACADEMY  (Wyman)  Castine  ME:  CAST  INE.  ME  (LIBRARY) 

MICHIGAN  TECHNOLOGICAL  UNIVERSITY  Houghton.  Ml  (Haas) 

MIT  Cambridge  MA;  Cambridge  MA  (Rm  10-300.  Tech.  Reports.  Engr  l.ib.) 
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N  A 1 1  AC  ADI  MV  OE  INI,  Al  EXANDRIA.  VAlSEARl  I  JK  I 
NY  (  IIV  COMMUNITY  (Oi  l  EGE  BROOKLYN.  NY  (LIBRARY I 

ORKiON  S I  A 1 1  UNIVERSI I  Y  (C  l  Dept  Grace)  Corvallis.  OR.  CORVAI  LIS.  OR  (C  L  DEFT.  BELL);  Corvalis 
( )R  i  Vhool  of  Oceanography  I 

PENNSYI  VANIA  STALL  UNIVERSITY  STATE  COI  l  EGE.  PAlSNYDER) 

PI  RIHI  UNIVERSITY  Lafayette.  IN  ( Altschaeffli.  Lafayette.  IN  (CL  Engr  Lib) 

SAN  DIEGO  STATE  UNIV  I  Noorany  San  Diego.  CA 

SOI  IHWESI  RSUH  INSI  King.  San  Antonio.  IX.  R  DeHart,  San  Antonio  TX 
SI  ANEORD  l  NIVERSITY  Engr  Lib.  Stanford  (  A.  STANEORD.  (  A  (DOUGLAS) 

MAIL  UNIV  Of  N  T  VC  YORK  Buffalo.  NY 

IT  XAS  AAM  l  Nl  VI  RSI  I  V  College  Station  TX  (C  L  Dept.  Herbichi;  W  B  Ledbetter  College  Station.  I  X 
l  NIVT  RSI  IY  OE  (  Al  IEORNIA  BERKELEY.  (A  ICE  DEPT.  GERWICK);  Berkeley  CA  (B  Bresler);  Berkeley  CA 
(Dept  of  N.o.tl  Arch  I  Berkeley  CA  if-  Pearson).  Ea  Jolla  CA  lAcq,  Dept.  Lib,  CA)7SA|.  M  IXincan.  Berkeley 
CA 

l  SIY  I  RSI  I  Y  ( )l  1)1  I  AW  ART  Newark.  DE  I  Dept  of  Civil  Engineering.  Chessonl 
l  NIVT  RSI  IY  OE  HAW  All  HONOLULU.  HI  (SCIENCE  AND  TECH  DIV.) 

I  NIVT- RSI  I Y  of  II  I  INOIS  Met/  Ref  Rm.  LrhanalL:  URBANA.  IE  (DAVISSON):  URBANA.  II.  (LIBRARY ): 
l  RBANA  II  iNf  WVIARKi 

l  NIVERSITY  OE  MASSAC  HI  SI  ITS  (Heronemus).  Amherst  MACE  Dept 
l  NIVT  RSI  IY  ol  MIC  HIGAN  Ann  Arbor  Ml  (Richart) 

UNI VI  Rsl  I Y  Of  NEBRASKA  LINCOLN  Lincoln.  NE  (Ross  Ice  Shelf  Proj.) 

UNIVERSITY  Ol  Nl  W  HAMPSHIRE  DURHAM.  NH  (LAVOIE) 

UNIVERSITY  OE  PENNSYLVANIA  PHILADELPHIA.  PA  (SCHOOL  OF  ENGR  A  APPLIED  SCIENCE.  ROLL) 
l  NIVI  RSI  I  Y  OE  RHODE  ISLAND  KINGSTON.  Rl  (PAZIS) 

UNIVERSITY  OE  SO  C  Al  IEORNIA  Unn  So.  Calif 

UNIVERSITY  OE  TEXAS  Inst  Marine  Sci  (Library),  Port  Arkansas  TX 

UNIVERSITY  OE  TEXAS  AT  AUSTIN  AUSTIN.  TX  (THOMPSON);  Austin.  TX(Breen) 

UNIVERSITY  OE  WASHINGTON  Seattle  WA  (M.  Shenf);  SEATTLE.  WA  (APPLIED  PHYSICS  LAB);  SEATTLE. 
WA  (MERCHANT);  SEATTLE.  W  A  (OCEAN  ENG  RSCH  LAB.  GRAY);  SEATTLE.  WA  (PACIFIC  MARINE 
ENVIRON  LAB  .  H Al.PERN );  Seattle  WAlE.  Linger) 

UNIVERSI  TY  OE  WISCONSIN  Milwaukee  W I  (Ctr  of  Great  Lakes  Studies) 

URS  RESEARCH  CO  LIBR  ARY  SAN  MATEO.  C'A 
VIRGINIA  INST  Of  MARINE  SCI.  Gloucester  Point  VA  (Library) 

ALLRED  A  YEE  &  ASSOC  Honolulu  HI 
AMETEK  Offshore  Res  &  Engr  Div 
.ARC AIR  CO.  D  Young.  Lancaster  OH 
ARVIDGRANT  OLYMPIA.  WA 
ATLANTIC  RICHEIELD  CO.  DALLAS.  TX  (SMITHl 
AUSTRALIA  Dept  PW  IA  Hicks).  Melbourne 
BECHTEL  CORP  SAN  ERANCISCO.  CA  (PHELPS) 

BELGIUM  HAECON.  N  V  .  Gent 

BETHLEHEM  STEEL  CO.  Dismuke.  Bethelehem.  PA 

BOC  W  KAMP  INC  Berkeley 

BRAND  INDUS  SF.RV  INC  J.  Buehler.  Hacienda  Heights  CA 
BROW  N  &  CALDWELL  E  M  Saunders  Walnut  Creek.  CA 
BROWN  &  ROOT  Houston  TX  (D.  Ward) 

C  ANADA  Can-Dive  Services  (English)  North  Vancouver:  Library.  Calgary.  Alberta;  Lockheed  Petro  Serv  Ltd.  New 
Westminster  B.C.;  Lockheed  Petrol.  Srv.  Ltd..  New  Westminster  BC;  Mem  Univ  Newfoundland  (Char..  St  Johns: 
Surveyor.  Nenmnger  &  Chenevert  Inc.,  Montreal;  Trans-Mnt  Oil  Pipe  Lone  Corp.  Vancouver.  BC  Canada 
CE  BRAUN  CO  Du  Bouchet,  Murray  Hill.  NJ 

CHEVRON  OIL  FIELD  RESEARCH  CO.  LA  HABRA.  CA  (BR(X)KS) 

CONCRE  IE  TECHNOLOGY  CORP.  TACOMA.  WA  (ANDERSON) 

CONTINENTAL  OIL  CO  O.  Maxson.  Ponca  City.  OK 
1)11  I  INGHAM  PRECAST  F.  McHale.  Honolulu  HI 
DRAVOCORP  Pittsburgh  PA  (Wright) 

NORW  AY  DET  NORSKE  VERI TAS  (Library).  Oslo 
EVALUATION  ASSCX  INC  KING  OF  PRUSSIA.  PA  (FF.DEI.E) 

EXXON  PRODUCTION  RESEARCH  CO  Houston.  TX  (Chao) 

FRANCF  Dr  IXtterlre.  Boulogne:  L.  Pliskin.  Paris;  Roger  LaCroix.  Paris 


(li  on  c  TINICAl  I  NGINI  I  KS  INC  Winchester.  M A  (Paulding) 

Gl  IDDI  N  CO  STRONGSVILLE.  OH (RSCH  1.1  Hi 
dol  l  l)IN(  Shady  Side  MDiChes  Inst  Div  .  W  Paul ) 

HA1.I  Y  A.  Al  DRU  M.  INI'  Cambridge  MA  (Aldrich.  Jr.) 

IIALYM  Caironi.  Milan;  Sergiu  l.uloni  Milano:  Torino  I E  l-evi) 

Kl  )K1  A  Korea  Rseh  Ins)  Ship  A  Ocean  I H  1  hoi).  Seoul 
I  AMOM  IX)HERI  Y  GEOLOGICAI  OHS'.  KV  Palisades  NY  (Selwym 
I  IN  OEESHORE  ENGRG  I’  Chow .  San  Francisco  l  A 

I  (X  Kill  I  I)  MISSI1  I  S  A  SPACE  CO  INI  I  Inmhle.  Sunnyvale  (  A.  Mgr  Naval  Arch  A  Mar  Eng Sunnyvale. 

CA;  Sunnyvale  CA  (Rynewicz);  Sunnyvale.  CA  (K  I  Kerr) 

MARATHON  oil  CO  Houston  I  X 

MC  Cl. LI. LAND  I  NGINEI  RS  INC  Houston  I  X  (U  McClelland) 

MEXICO  R  Cardenas 

Monti  PIPE  I  INI  Cl)  DAI  1  AS.  IX  MC.R  OE  I  NOR  tNOAl  K) 

Mt  )||  Al  I  A  Ml  HOI  I  NGINEERSlR.  Palmer)  Long  Beach.  CA 

Ml'E.SER.  RUH  EIXiE.  WENTWORTH  AND  JOHNSTON  NEW  YORK  (RICHARDS) 

Nt  W  ZE  ALAND  New  Zealand  Concrete  Research  Assoc.  (Librarian).  Porirua 
NEWPOR1  NEWS  SHIPBLIXi  &  DRYIXX  K  CO  Newport  News  V A  (Tech  l  ib.) 

NORWAY  A  Jorum.  Trondheim:  DET  NORSKE  VERI  TAS  (Roren)  Oslo;  I  Loss,  Oslo;  J.  Creed.  Ski;  Norwegian 
Tech  Unis  i  Brandt/aeg).  Trondheim 
(XT  AN  ENGINE!  RS  SAl  SAl  I  TO.  CA  ( RYNECKI ) 

(XT' AN  Rl  sol  KCE  ENG.  INC  HOUSTON.  IX  (AN  1)1  RSONl 
PACIHC  MARINE  TEC  HNOLOGY  Long  Beach.  CA  (Wagner) 

PORTLAND  CEMENT  ASSOC.  SKOKIE.  II  (CORLEY;  SKOKIE,  II  (KLIEGER);  Skokie  II  (Rsch  A  Dev  lab. 

I  ib  i 

PUERTO  Kil  l )  Puerto  Rico  (Rsch  lab.).  Mayaque/  P  R 
R  J  BROWN  ASSIX'  (McKeehan).  Houston.  I  X 

RAYMOND  IN  I  ERNAI  IONAl.  INC  E.  Colie  Soil  Tech  Depl.  Pennsauken.  NJ 
RIVERSIDE  CEMEN  T  CO  Riverside  C  A  iW  Smith) 

SCHUPACK  ASSIX  SO  NORWALK.  C"T  (SCHUPACK) 

SEAECXIDI  ABORATORY  MOREHEAD  CITY.  NC  (LIBRARY) 

SI  ATECHCORP  MIAMI.  EL(PERONI) 

SHI  I  I  DEVELOPMENT  CO.  Houston  IX  (C.  Sellars  Jr);  Houston  TXll  Doyle) 

SHIT  I.  OH  CO  HOUSTON.  I  X  I MARSHA1  I  l;  Houston  TX  (R  de  Castongrene) 

SOUTH  AMERICA  N  Nouel.  Valencia.  Venezuela 
SWEDEN  VBB  I  l  ibrary).  Stockholm 
TIDEWATER  CONS TR  CO  Norfolk  VA  lEowler) 

UNI  ITT)  KINGIX)M  A  Denton.  London;  British  Embassy  (Info.  Offr).  Washington  IX';  Cement  A  Concrete  Assoc 
Wexham  Springs.  Slough  Bucks;  Cement  A  Concrete  Assoc.  (Library).  Wexham  Springs.  Slough;  Cement  A 
Concrete  Assoc,  (l  it.  Ex).  Bucks;  I)  Lee.  London:  I).  New.  G  Maunsell  A  Partners.  London.  J  Herrington. 
London;  R  Browne.  Southall.  Middlesex.  R  Rudham  Oxfordshire.  Taylor.  Woodrow  Constr  (0I4P).  Southall. 
Middlesex;  Taylor.  Woodrow  Constr  (Stubbs).  Southall.  Middlesex 
WAIT  BRIAN  ASS(X'  INC.  Houston.  IX 

WESTINGHOUSE  ELECTRIC  CORP  Annapolis  MD  (Oceanic  Div  Lib.  Bryan) 

WESTINTRUCORP  Egerton.  Oxnard.  CA 

WISS.  JANNEY.  ELSTNER.  A  ASSIX'  Northbrook.  11.  (D.W.  Pfeifer) 

WM  CLAPP  LABS-  BATTELLE  DUXBURY.  MA  (LIBRARY);  Duxbury.  MA  (Richards) 

W(X)DWARI>C1.YDE  CONSULTANTS  (A.  Harrigan)  San  Erancisco;  PLYMOUTH  MEETING  PA  (CROSS.  Ill) 

ADAMS.  CAPT  (RET)  Irvine.  CA 

AL  SM(X)TS  Los  Angeles.  CA 

ANTON  TEDESKO  Bronxville  NY 

BRAH rz  la  Jolla.  C'A 

BUl.I.lX'K  la  Canada 

LAYTON  Redmond.  W  A 

R.F.  BESIER  Old  Saybrook  CT 

SMITH  Gulfport.  MS 

I  W.  MERMEL  Washington  IX' 

WM  TALBOT  Orange  CA 
CEC  Parisi.  Anthony  M  ..  LT 


